Introduction
Accounting for over 50% of total cereal production, maize is the second most important staple food in Ghana, next to cassava (Angelucci, 2013) . With Ghana achieving self-sufficiency in starchy staples like plantain, yam and cassava, production of maize is nowhere near demand (EIU, 2007; RoG, 2007) . With a greater proportion of maize supply going into food consumption in Ghana, an increase in its productivity is undoubtedly crucial for achieving food security in the country. Also, as a major constituent of livestock and poultry feed, the productivity and development of the poultry and livestock industries depend on the maize value chain.
In spite of the aforementioned economic importance of maize, the average maize yield in Ghana is low and remains one of the lowest in the world, much lower than the average for Africa south of the Sahara (Ragasa et al., 2014) . For instance, land productivity is estimated at a third of its potential yield per hectare (OECD, 2008 cited in Wolter, 2008 . In the year 2014, the International Food Policy Research Institute (IFPRI) and Ghana's Ministry of Food and Agriculture (MOFA) also estimated the average yields of maize under rain fed conditions for smallholder maize farmers in Ghana to be 1.73 metric tonnes/ha and 1.92 metric tonnes/ha respectively (MOFA, 2015; Andam et al., 2017) . These yields are less than 35% of the estimated potential yield of 5.5 metric tonnes/ha for the same year. With a decline in productivity, there will be a decline in aggregate maize production which will have a negative impact on food security and the development of the poultry and livestock subsectors. Thus there is the need to find the sources of low yields in maize production in Ghana. The existence of scale inefficiencies in Ghana's maize farms is often speculated to be one of the major causes of the low yields. Therefore, estimation of scale efficiency of the farmers is necessary in formulating policies that will help address their productivity challenges. Also farmers may/may not be efficient and productive depending on which agro ecological zone they operate. This is because different agro ecological zones have different soil and climatic conditions that may/may not support maize production. It is therefore possible that maize farmers in different agro ecological zones will have different efficiencies and yields. Therefore, for farmers in Ghana to make the best out of maize production, it is important for them to operate in the ideal place for maize production in the country.
By way of methodology, a common task in agricultural economics is to estimate scale efficiency non-parametrically within the framework of Data Envelopment Analysis (Wadud and White, 2000; Wu et al., 2003; Bravo-Ureta et al., 2007; Minh and Long, 2009; Bła _ zejczyk-Majka et al., 2012) . Other studies calculated technical efficiency using both parametric and nonparametric approaches, but estimation of scale efficiency was carried out exclusively adopting a non-parametric technique (Andreu and Grunewald, 2006; Vu, 2006; Bojnec and Latruffe, 2008) . Parametric approaches to estimating scale efficiency is limited and evolving. Ray (1998) proposed a parametric methodology for estimating scale efficiency in which scale efficiency is calculated from the parameters estimated in the production function under the assumption of variable returns to scale and from estimation of scale elasticity. This methodology is friendly and does not need further econometric work. It is manageable and easy to implement, and has the advantage of being suitable for flexible functional forms, such as the translog. Despite these advantages, few scale efficiency studies have employed the methodology. The first empirical application of this methodology was by Pantzios et al. (2002) to analyse the technical and scale efficiencies of EU cotton farming using Greek Cotton Growers. This was followed by the work of Karagiannis and Sarris (2005) which employed Ray's (1998) methodology to measure and explain the scale efficiency of Greek tobacco growers. Madau (2010) and Madau (2012) also employed the methodology to estimate technical and scale efficiencies in Italian citrus farming. Added to this is the work of Karagiannis et al. (2012) which employed parametric procedures in estimating scale efficiency in organic and conventional dairy farming in Austria. Finally, and recently, Abdulai and Abdulai (2016) moved away from the non-parametric Data Envelopment Analysis methodology and estimated allocative and scale efficiencies for Zambian maize farmers using a parametric zero efficiency stochastic frontier approach. Although Ray's methodology was not employed, zero efficiency stochastic frontier approach is parametric. This paper adds to the literature on parametric estimation of scale efficiency by examining the scale efficiencies of maize production in four agro ecological zones of Ghana (Guinea savannah, Transition, forest and coastal savannah zones) using Ray's (1998) proposed parametric approach. To the best of our knowledge, this is the first application of Ray's methodology to scale efficiency estimation in African agriculture. Also, the results of this study would help government make specific policies aimed at improving the productivity of maize production in specific agro ecological zones.
Materials and methods

Study area
The study was conducted in four agro ecological zones of Ghana, namely, Guinea savannah, Transition, Forest and Coastal Savannah zones. The Guinea Savannah zone is located along the North eastern corridor of the Northern Region with a total land area of about 125,430 square kilometres. The tropical continental climate and Guinea Savannah vegetation type are seen in this area. The Transition zone, which is located around the middle portion of the Brong Ahafo Region and the Northern part of Ashanti Region, covers a total land area of about 2300 square kilometres. The zone is characterized by wet semi-equatorial climate while the vegetation is the Savannah woodland and a forest belt. The forest zone, covering an area of about 135,670 km 2 , is floristically divided into rain forest and semi-deciduous forest and has a population of about 134,354. The climate is the semi equatorial type while the vegetation is semi-deciduous forest zone with clay, sand and gravel deposits. The Coastal Savannah occupies about 20,000 km 2 , and comprises the Ho-Keta Plains, the Accra Plains and a narrow strip tapering from Winneba to Cape Coast. The main climatic factor is rainfall, which comes in two peaks. March-July is the main season and September-October, the minor rainy season. August is a dry but cloudy break during which bright sunshine may be less than two to four hours per day.
Data collection
Data used in the study which was mainly primary, was obtained through a cross-sectional survey conducted to collect farm level data for the 2014 rainy season from 576 maize producers using structured questionnaire. Multi-stage sampling technique was employed in selecting the respondents for the study. Two districts/municipalities were purposively selected from each of the agro-ecological zones based on the level of maize production at the first stage. In the second stage, nine (9) villages or communities were randomly selected from each of the sampled districts/municipalities. Stage three involved random sampling of eight (8) maize farmers from a list of maize farmers in each of the villages or communities with the aid of agricultural extension agents.
Analytical framework
The study employed descriptive statistics in presenting socioeconomic characteristics of the respondents. Also, a parametric methodology proposed by Ray (1998) and applied by Pantzios et al. (2002) , Karagiannis and Sarris (2005), Madau (2010) and Madau (2012) within the framework of the stochastic frontier production function was employed to estimate the scale efficiency of maize production in the four agro ecological zones. Aigner et al. (1977) and Meeusen and Van den Broeck (1977) independently proposed the stochastic frontier production function as follows:
where y i represents the level of output of the ith maize farmer; f ðx i ; bÞ is an appropriate production function of vector,x i , of inputs for the ith maize farmer and a vector, b, of parameters to be estimated. e i is an error term which comprises two components: v i which is a random error with zero mean and is specifically associated with random factors like measurement errors in production as well as weather factors that the maize farmer cannot control and it is assumed to be symmetric and independently distributed as Nð0; r 2 vÞ, random variables and is independent of u i . Conversely, u i which ranges from zero to one, is a non-negative truncated half normal, Nð0; r 2 uÞ, random variable and is linked to farm specific characteristics, which leads to the ith maize farm not achieving maximum production efficiency. N is the number of maize farmers that took part in the cross sectional survey. The stochastic frontier production function can be estimated by the maximum likelihood estimation (MLE) technique (Greene, 2005) .
The generalized likelihood ratio test was used to test the hypothesis of whether the Cobb-Douglas or translog functional form is an adequate representation of the data given the assumptions of the stochastic frontier translog production function. The
